spectrometry techniques. The Khatatba samples are characterized by the predominance of C 14 -C 24 alkanes, a pristane/phytane ratio of less than 2, abundant C 27 regular steranes, and the presence of tricyclic terpanes. These are consistent with the suboxic marine-environment conditions for the Khatatba source rock. Biomarker parameters for these samples generally indicate a mixture of land-as well as marine-derived organic-matter input. The maturity indicators based on C 32 22S/ (22S + 22R) homohopane and C 29 20S/(20S + 20R) and bb/(bb + aa) sterane ratios reveal that the Khatatba samples are thermally mature and have reached the peak oil-window maturity supporting the R o data.
INTRODUCTION
The northern Western Desert of Egypt still has a significant hydrocarbon (HC) potential as suggested by Dolson et al. (2001) , with as much as 90% of the oil reserves and 80% of the gas in the basins of the Western Desert yet to be discovered (Zein El-Din et al., 2001) . Hydrocarbon discoveries that have been made in the Abu Gharadig Basin and the Shoushan Basin to the northwest are thought to have significant exploration potential. The area that forms the scope of this study lies in the Shoushan Basin, northern Western Desert, Egypt (Figure 1 ). The Shoushan Basin contains sediments of Jurassic and younger age. Potential HC source rocks in the Shoushan Basin are found in the Jurassic and Cretaceous successions (El Ayouty, 1990; Ghanem et al., 1999; Khaled, 1999; Sharaf, 2003; Alsharhan and Abd El-Gawad, 2008; El-Nady, 2008) . The Middle Jurassic Khatatba Formation is widespread in the Shoushan Basin and has a thickness of 283 to 358 m (930-1176 ft). The Middle Jurassic Khatatba Formation is an attractive petroleum exploration target in the northern Western Desert, Egypt, because it is favorably positioned with respect to the source rock ( Figure 2 ). The Middle Jurassic Khatatba Formation is composed mainly of sandstone interbedded with coals and organic-rich shales. The organic-rich rocks of the Khatatba Formation are considered to be the most prolific oil and gas source rock for the accumulation within Khatatba sandstone reservoir rocks (Shalaby et al., 2011) . However, few studies based on the organic geochemical characteristics of the source rocks have been reported (Shalaby et al., 2011) . The major significance of this study is related to improving our knowledge on the depositional conditions and source input of the Khatatba source rocks. Therefore, a detailed organic geochemical and organic petrographical characterization is required to characterize the source rock and to define the depositional conditions. The present analyses of the Middle Jurassic Khatatba Formation in the Shoushan Basin are based on the interpretation of organic petrological and organic geochemical data, including total organic carbon (TOC) content, Rock-Eval pyrolysis, maceral analysis, and vitrinite reflectance (R o ) data. In addition, bitumen extraction and biomarker distributions were used to help in detecting the organic-matter maturity and depositional conditions.
GEOLOGIC SETTING
The stratigraphic and structural history of the Shoushan Basin have been studied in detail, and significant knowledge of the regional geology, sedimentology, and tectonic evolution of individual parts of the basin and adjoining areas are available (e.g., Mesherf et al., 1980; Barakat et al., 1987; Sultan and Abdelhalim, 1988; El Ayouty, 1990; Keeley et al., 1990; Bagge and Keeley, 1994; Rossi et al., 2001; Abdou et al., 2009) . The northern Western Desert of Egypt is characterized by a Paleozoic section overlying crystalline basement and a northward-thickening prism of Mesozoic and Tertiary strata (Zein El-Din et al., 2001) . The structural grain of the basement is dominated by two orthogonal trends induced by successive phases of tectonic activity. During the Paleozoic, at least two phases of major deformation produced a northnorthwest-trending system of block faulting (normal faults) and gentle folding with marked unconformities within the Paleozoic section (Sultan and Abdelhalim, 1988) . The Mesozoic-Tertiary sedimentary wedge is interrupted by an east-westtrending structural high, which separates the Abu Gharadig Basin from a series of coastal basins. This pattern of basins and highs is buried under gently dipping, outcropping Miocene deposits (El Ayouty, 1990; Kerdany and Cherif, 1990) .
The coastal basins started as rifts during the early Mesozoic in association with the opening of the Tethys Ocean (El Shazly, 1977; Hantar, 1990) . Structures result primarily from the vertical movement of basement blocks and consist of anticline and/or faulted anticline features (Sultan and Abdelhalim, 1988) . Compressional anticlines are subordinate and are probably derived from drag folding related to lateral movement along basement faults. The structures in the northern Western Desert, focusing on the Shoushan Basin, consist mainly of parallel, elongated, tilted fault blocks, that is, horst and half-graben structures.
The Shoushan Basin, which is the largest of the coastal basins, is a half-graben system with a maximum thickness of 7.5 km (4.7 mi) of Mesozoic and Paleogene rocks (El Shazly, 1977; Hantar, 1990) . The stratigraphic section in the northern Western Desert (including the Shoushan Basin) ranges in age from Paleozoic to Tertiary and is summarized in Figure 2 . The stratigraphy can be divided into four unconformity-bound cycles as proposed by Sultan and Abdelhalim (1988) . The lowest Jurassic cycle consists of nonmarine siliciclastics (Ras Qattara Formation), which rest unconformably on the Paleozoic Nubian sandstone and are overlain by the Middle Jurassic Khatatba Formation (Figure 2 ). The Khatatba Formation is composed mainly of shales and sandstones with coal seams. These sediments were deposited in deltaic to shallow-marine environments. The lower part of the Khatatba Formation is formed by meander-belt facies, which are composed of an interval of braided-stream sandstones (Rossi et al., 2001) interbedded with coals and organic-rich shales. These sandstones are oil and gas reservoirs in several fields in the Shoushan Basin (Figure 2 ), whereas the coaly shale and shale facies represent the major HC source rocks within the Shoushan Basin (Taher et al., 1988) . The upper part of the Khatatba Formation is made up of shallow-marine sandstones and shales, grading upward into a thin-bedded sequence of shale and limestone, which is a transitional unit toward the carbonates of the overlying Masajid Formation. The shallow-marine carbonates of the Masajid Formation, which represent the maximum Jurassic transgression, are capped by the Cimmerian unconformity, which records a period of uplift, tilting, partial erosion, and karstification of the Jurassic succession (Keeley et al., 1990; Keeley and Wallis, 1991) . A major unconformity separates the Masajid Formation from the overlying Lower Cretaceous Alam El Bueib Formation at the base of the next cycle, whose basal interval is composed of shallowmarine sandstones and carbonates (units 6 and 5). These are followed by marine shale (unit 4) and a succession of massive fluvial sandstones (unit 3). Individual sand bodies are separated by marine shale. The sands are overlain by the alternating sands, shales, and shelf carbonates of units 2 and 1, culminating in the Alamein dolomite associated with the Aptian transgression (Figure 2 ). The Dahab shale marks the end of this cycle. The continental and shoreline sandstones of the Kharita Formation are overlain by the shallow-marine and near-shore deposits of the Bahariya Formation (Lower Cenomanian). A marked deepening of depositional conditions is indicated by the deposition of the Abu Roash (G; Upper Cenomanian). Widespread transgression occurred during the Senonian with deposition of the Abu Roash (F-A; predominantly carbonates). The unconformably overlying Khoman Chalk Formation was deposited only in the northern Western Desert. The cycle is terminated by an unconformity, above which the Eocene Apollonia Formation was deposited. The Dabaa and Moghra formations (marine clastics) above the Apollonia Formation are capped by the Marmarica Limestone (Zein El-Din et al., 2001 ). 
SAMPLES AND METHODS
Fifty-two cuttings and core samples of shale and coaly shale from the Middle Jurassic Khatatba Formation were collected from three exploration wells (Shams SE-1, Shams NE-1, and Tut-22 wells) in the study area (Table 1) . Pyrolysis analyses were performed on a 100-mg crushed whole-rock sample, which was heated to 600°C in a helium atmosphere, using a Rock-Eval 2 unit with a TOC module. The parameters measured include TOC, volatile HC content, mg HC/g rock (S 1 ), remaining HC generative potential, mg HC/g rock (S 2 ), carbon dioxide yield, mg CO 2 /g rock (S 3 ), and temperature of maximum pyrolysis yield (T max ). Hydrogen index (HI) and oxygen index (OI) were calculated as described by Espitalié et al. (1977) . Following Rock-Eval and TOC analyses, samples with high TOC were selected for further geochemical and petrographic studies to evaluate their depositional environment conditions. Samples for petrographic study were prepared by mounting whole-rock fragments in slow-setting polyester (Serifix) resin mixed with resin hardener, was allowed to set, and then was ground flat on a diamond lap and subsequently polished on silicon carbide paper of different grades using isopropyl alcohol as lubricant for organic-rich sediments and water for coaly shale samples. Finally, the samples were polished to a highly reflecting surface using progressively finer alumina powder (5/20, 3/50, and gamma). The polished sections were examined in reflected light using a Leica CTR 6000-M microscope with white and ultraviolet (UV) light sources and oil-immersion objectives. The percentage of incident light reflected from the vitrinite particles in the samples was measured in comparison to a known standard of 0.589. Mean R o (% R o ) determinations were conducted on particles of vitrinite that are not associated with strong bitumen staining using a X50 oil-immersion objective, based on an average of at least 25 points for shale samples and 50 points for coaly shale samples. Petrographic studies also included identification of vitrinite, liptinite, and inertinite maceral groups, as well as mineral matter under white-light and UV-light fluorescence mode. Extraction, gas chromatography (GC), and GC-mass spectrometry (GC-MS) analyses were conducted on seven samples of various lithologies. Samples were extracted in a Soxhlet apparatus for 72 hr using an azeotropic mixture of dichloromethane and methanol (93:7). Extracts were separated into saturated HCs; aromatic HCs; and nitrogen, sulfur, and oxygen compound fractions by liquid column chromatography. Saturated fractions were dissolved in hexane and analyzed by GC (HP-5MS column; temperature programmed from 40 to 300°C at a rate of 4°C/min and then held for 30 min at 300°C). Gas chromatography-mass spectrometry experiments were performed on an HP 5975B mass-selective detector with a gas chromatograph attached directly to the ion source (70-eV ionization voltage, 100-mA filament-emission current, 230°C interface temperature). For the analysis of biomarkers, the fragmentograms for steranes (m/z 217) and triterpanes (mass:charge [m/z] 191) were recorded. Individual components were identified by comparison of their retention times and mass spectra with published data (Philp, 1985; Peters and Moldowan, 1993) . Relative abundances of triterpanes and steranes were calculated by measuring peak heights in the m/z 191 and m/z 217 fragmentograms, respectively.
RESULTS

Petrographic Analysis
Results of petrographic examinations and maceral determinations reveal that the Khatatba samples possess medium to high levels of bitumen staining and contain abundant phytoclasts, mainly vitrinite and lesser amounts of liptinite (particularly amorphous kerogen, sporinite, bituminite, and minor alginite), whereas inertinite is virtually absent (Figure 3 ). Under UV-light excitation, distinct fluorescence intensities were observed, corresponding to algal assemblages and bituminite (unstructured organic matter), with the bituminite displaying less intense fluorescence compared to alginite ( Figure 3D ). Alginite fluoresces an intense bright yellow-a fluorescence characteristic typical of a thermal maturity of approximately 0.8% R o equivalent (Abdullah, 1999a) (Figure 3E, F) . Pyrite and Figure 3B ).
Total Organic Carbon and Rock-Eval Pyrolysis
The analyzed samples of the Khatatba Formation have TOC values ranging from 1.2 to 32.5 wt. % (Table 1) . These studied samples have good to very good TOC contents. Rock-Eval pyrolysis measures free HCs (S 1 ) and the generatable amount of HCs (S 2 ), as well as CO 2 (S 3 ), generated during pyrolysis (Table 1 ). In addition, the T max value, which represents the temperature where the S 2 peak is at its maximum, is also determined (Barker, 1974; Espitalié, 1986) . A plot of Rock-Eval S 2 value versus TOC shows different categories of good, very good, to excellent (Figure 4 ). The total HC yield (S 1 + S 2 ) for the samples analyzed range from 1.4 to 79.5 mg HC/g rock ( Table 1 ), indicating that the Khatatba samples are thermally mature.
Type of Organic Matter
Characterization of organic-matter type was conducted based on whole-rock samples using RockEval pyrolysis data such as HI, OI, and T max values. Plots of HI versus T max ( Figure 5A ) and HI versus OI ( Figure 5B ) were used to identify the kerogen type of organic matter in the Khatatba samples. Values of T max are influenced not only by maturity, but also by kerogen type (Espitalié, 1986) . Thus, the maturity windows in this diagram represent an approximate range. These two plots reflected the present-day generation potential and indicate that the organic matter in the Khatatba samples is predominantly type 3 kerogen (gasprone) and mixed type 2-3 kerogen (oil and gas).
Bitumen Analysis
The amount of extractable organic matter (EOM) and HC yields from bitumen extraction analysis are recorded for the Khatatba samples in Table 2 . Yields of EOM and HC exceed 4000 and 2000 ppm, respectively ( Table 2 ), indicating that the Khatatba 26 -*TOC = total organic carbon. **S 1 = volatile hydrocarbon content (mg HC/g rock); S 2 = remaining hydrocarbon generative potential (mg HC/g rock); S 3 = carbon dioxide yield (mg CO 2 /g rock); T max = temperature at maximum of S 2 peak; HI = hydrogen index (S 2 × 100/TOC) (mg HC/g TOC); OI = oxygen index (S 3 × 100/TOC) (mg CO 2 /g TOC); PI = production index (S 1 /[S 1 + S 2 ]); PY = potential yield (S 1 + S 2 ) (mg/g). † R o = vitrinite reflectance.
samples are viable source rocks (Peters and Cassa, 1994) . Bitumen/TOC ratios generally ranged from 0.06 to 0.11, with the high values attributed to higher thermal maturity (Peters and Cassa, 1994) .
DISCUSSION Biomarker Distributions and Depositional Environment Conditions
Normal Alkanes and Isoprenoids The gas chromatograms of saturate fractions of the Khatatba samples are shown in Figure 6 , and derived parameters are listed in Table 2 . The chromatograms display a full site of saturated HCs between C 13 -C 35 n-alkanes and isoprenoid HCs. The n-alkane distribution shows a unimodal distribution, with a predominance of medium molecularweight compounds (n-C 14 -n-C 24 ). The presence of abundant waxy alkanes (n-C 25 -n-C 34 ), with a lack of an odd-carbon preference (hence, have low carbon preference index [CPI] values; Table 2 ), suggests a relatively high terrestrial organic-matter contribution (Tissot et al., 1978; Ebukanson and Kinghorn, 1986; Murray and Boreham, 1992) . Acyclic isoprenoids are present in the analyzed samples with lower relative abundance compared with n-alkanes. Pristane and phytane concentrations are always less than n-C 17 and n-C 18 , thus giving distinctively low pristane/n-C 17 and phytane/n-C 18 ratios of 0.11 to 0.50 and 0.11 to 0.27, respectively. This relationship further suggests a mixed organic facies and a relatively high thermal maturity ( Figure 7 ). In addition, the pristane/phytane (Pr/Ph) ratio is one of the most commonly used geochemical parameters and has been widely invoked as an indicator of the redox conditions in the depositional environment and source of organic matter (Didyk et al., 1978; Chandra et al., 1994; Large and Gize, 1996) . Organic matter originating predominantly from terrestrial plants would Figure 4 . Relationship between remaining hydrocarbon potential (S 2 ) and total organic carbon (wt. %) for the Khatatba samples. be expected to contain high Pr/Ph greater than 3.0 (oxidizing conditions); low Pr/Ph ratio values (<0.6) indicate anoxic conditions, and values between 1.0 and 3.0 commonly indicate suboxic conditions (Powell, 1988; Sarmiento and Rangel, 2004; Basent et al., 2005) . The Pr/Ph ratios of the Khatatba samples range from 1.20 to 1.66 (Table 2) , suggesting that these samples were deposited in suboxic conditions. The Pr/n-C 17 and Ph/n-C 18 ratios indicate the same interpretation (Figure 7 ).
Triterpanes and Steranes
The distributions of steranes and triterpanes are best studied on GC-MS by monitoring the ions m/z 217 and m/z 191, respectively. These two fragment ions are used to examine steranes (m/z 217) and hopanes (m/z 191) as well as tricyclic terpanes (m/z 191), tetracyclic terpanes (m/z 191), and diasteranes (m/z 217) (Peters et al., 2005) . Overall, the observed distributions of triterpanes and steroidal saturate biomarkers are very similar in all Khatatba extracts. The distributions of terpanes (tricyclic and tetracyclic terpanes and hopanes) are characterized by m/z 191 ion chromatograms (Figure 8 ). Peak assignments are as listed in Table 3 , and the derived parameters are listed in Table 4 . All samples exhibit high proportions of hopanes relative to tricyclic terpanes. The relative abundance of C 29 norhopane is generally higher than that of C 30 hopane in most of the studied samples (Figure 9 ), with C 29 /C 30 17a (H)-hopane ratios in the range of 1.04 to 1.35 (Table 4 ). The predominance of C 29 norhopane is commonly associated with carbonate source rocks, but this is not always the case (Waples and Machihara, 1991) , and the enhanced norhopane input may also be associated with landplant input (Rinna et al., 1996) . All samples from the Khatatba Formation possess similarly low T m /T s ratios (0.57-0.73). Values of T m and T s are well known to be influenced by maturation, type of organic matter, and lithology (e.g., Seifert and Moldowan, 1979; Moldowan et al., 1986) . All samples contain a mixture of land-and marine-derived organic matter; thus, the reasonably low T m /T s ratios appear to be more strongly influenced by maturity instead of source input. The homohopane distributions are dominated by the C 31 homohopane and decrease with increasing carbon number (Figure 8) . Typically, such a distribution commonly represents clastic facies (Waples and Machihara, 1991) or a clay-rich character (Obermajer et al., 1999) as is the case of the Khatatba source. The high diasterane concentrations relative to regular steranes (Figure 8 ) are also indicative of a clay-rich source (Gürgey, 1999) . The Khatatba samples have relatively high tricyclic terpanes compared to tetracyclic and low values of the C 24 tetracyclic to C 26 Figure 6 . Gas chromatograms of the saturated hydrocarbon fraction of extracted samples from the Khatatba Formation. Pr = pristane; Ph = phytane.
tricyclic ratios (C 24 tetra/C 26 tri) in the range between 0.45 and 0.81, consistent with a high contribution of a marine organic matter (Zumberge, 1987; Abdullah, 1999b) . The distributions of diasteranes and regular steranes (C 27 , C 28 , and C 29 ) are characterized by the m/z 217 ion chromatograms (Figure 8 ). Peak labels are as listed in Table 3 , and the derived parameters are listed in Table 4 . The distributions of C 27 /C 28 /C 29 regular steranes for all samples are very similar (C 27 > C 29 > C 28 ) as are the ratios of diasterane/regular sterane and the thermal maturity parameters C 29 20S/(20S + 20R) and the C 29 abb (abb + aaa). Sterane/hopane ratios are very similar, ranging between 0.9 and 1.0, indicating the strong influence of marine-derived organic matter. This is supported by the abundance of C 27 regular steranes and the presence of tricyclic terpanes. Biomarker distributions provide information about organic facies and depositional environment (Volkman and Maxwell, 1986; Waples and Machihara, 1991; Peters et al., 2005) .
The organic-matter constituents of the Khatatba samples have several common features, such as predominance of the n-alkanes of medium molecular-weight compounds (n-C 14 -n-C 24 ), a significant amount of waxy alkanes (n-C 25 -n-C 34 ), the pristane/phytane ratio of less than 2, abundant C 27 regular steranes, and sterane/hopane ratios that are generally close to unity, which indicate that the Khatatba source rocks were deposited in a shallow-marine environment under suboxic conditions. The relative distribution of C 27 , C 28 , and C 29 steranes supports this interpretation (Figure 9 ). However, significant amount of waxy alkanes (n-C 25 -n-C 34 ) and relatively high C 29 norhopane contents provide evidence for significant terrestrial input. In addition, the relationship between the Pr/ n-C 17 and Ph/n-C 18 ratios for the Khatatba samples generally indicate mixture of land-and marinederived organic-matter input (Figure 7) .
Thermal Maturity
Rock-Eval T max and the production index (PI) indicate that most of the Khatatba samples are within the mature zone (oil window) ( Figure 5A ). The PI values are internally consistent with the HCs being indigenous to a mature source rock ( Figure 10 ). This is consistent with the mean R o values that range from 0.77 to 1.07% R o ( Table 1 ), indicating that the Khatatba samples are thermally mature and have entered the mature to peak-mature stage of oil window. This thermal maturity level is consistent with high bitumen yields and biomarker distributions. The CPI, calculated using the formula of Peters and Moldowan (1993) Thermal maturity has an impact on the hopane and sterane isomerization ratios, particularly those of hopanes (m/z 191), which tend to be dominated by C 32 (S isomer). The C 32 22S/22S + 22R homohopane ratio increases from 0.0 to approximately 0.6 at equilibrium (Seifert and Moldowan, 1986) during maturation. Values in the range of 0.50 to 0.54 have barely entered oil generation, whereas ratios from 0.57 to 0.62 indicate that the oil window has been reached. Most extracted samples have C 32 22S/22S + 22R values from 0.58 to 0.61, which suggest that these samples are thermally mature and that the oil window has been reached. The maturity based on 20S/(20S + 20R) and bb/ (bb + aa) C 29 sterane ratios also suggests a similar interpretation, whereby most of the studied samples Figure 7 . Phytane to n-C 18 alkane (Ph/n-C 18 ) versus pristane to n-C 17 alkane (Pr/n-C 17 ) (modified from Shanmugam, 1985) .
yielded values that are approaching equilibrium (0.47-0.52 and 0.50-0.59, respectively).
Original Hydrocarbon Generative Potential
Organic petrography, TOC, and Rock-Eval analyses and bitumen yields and biomarker characteristics reveal a consistent characterization of the Khatatba Formation samples. Khatatba samples that contain type 3 kerogen would be expected to generate gas, whereas the samples with HI greater than 200 mg HC/g TOC would generate gas and limited components of liquid HC. Both T max and R o data indicate that the studied Khatatba samples have reached the main stage of HC generation. Maturity does affect the HI of the samples and HC generation, decreasing both. Therefore, the Van Krevelen diagram reflects the present-day generation potential and not the original source rock generation potential. The thick (283-358 m [930-1176 ft] ) Khatatba Formation contains varying amounts of thermally mature types 2 and 3 kerogen that were deposited under marine suboxic conditions. Samples enriched in liptinite (e.g., CSH2) are more oil prone, whereas others with significant proportions of vitrinite phytoclasts are gas prone.
Depending on the kinetic model, a typical type 2 kerogen of thermal maturity equivalent to 0.77 to 1.07% R o has reached approximately 30 to 80% fractional conversions (transformation ratio) (Figure 11 ). Applying this range of transformation ratio to a measured HI value of 200, the original HI values ranged from approximately 285 to 680 mg/g TOC. This is supported by three lines of evidence:
(1) microscopic observations of samples enriched in liptinite (e.g., CSH2), with small quantities of alginite ( Figure 3E , F); (2) microscopic observations of high levels of bitumen staining ( Figure 3A ) attributed to higher thermal maturity (0.77-1.07% R o ); and (3) good positive correlation between crude oil accumulated in the Khatatba sandstones and the Khatatba source rock extract (El-Nady, 2008) . Considering the current state of thermal maturity and their original generative potential, the Khatatba Formation appears as a source rock of oil and gas in the Shoushan Basin.
CONCLUSIONS
Organic geochemical and organic petrography analyses of the Middle Jurassic Khatatba Formation Figure 9 . Relationship between sterane compositions, source input, and depositional environment for the analyzed Khatatba samples (modified from Huang and Meinschein, 1979) . indicate that the Khatatba shale, coaly shale, and mudstone contain greater than 1.0% TOC and possess good HC generative potential. The Khatatba Formation contains mainly types 2 and 2-3 kerogens, with present-day HI values between 63 and 261 mg HC/g TOC. The Khatatba samples are thermally mature as indicated by R o and RockEval pyrolysis T max data. The original HC potential based on a kinetic model of a typical type 2 kerogen having a thermal maturity equivalent to the Khatatba samples indicates that the Khatatba Formation is an effective source rock for gas and limited oil within the Shoushan Basin. A clear interpretation of the depositional environment and source input of the Khatatba Formation were deduced basically from biomarker distributions, organic petrography, and pyrolysis data. This has been achieved from the acyclic isoprenoids, terpane, and sterane biomarkers. The Khatatba samples are characterized by the predominance of n-C 14 to n-C 24 alkanes, pristane: phytane ratio of less than 2, abundant C 27 regular steranes, and the presence of tricyclic terpanes, which are typical marine biomarker signatures. However, geochemical parameters for the Khatatba samples demonstrate some terrestrial fingerprints, as suggested by high concentration of C 29 norhopane and significant amount of waxy alkanes (n-C 25 -n-C 35 ). These indicate that the Khatatba samples under current investigation were deposited in a shallow-marine environment with a significant input of transported land-and plant-derived organic matter. Figure 11 . Predicted transformation of source rock kerogens versus maturity according to the Genex model (line), at a geologic heating rate of 3.3 K/m.y., compared with estimates based on source rock data. Transformation of kerogen to oil for type 2 Kimmeridge shale (circle symbol) and Khatatba samples (diamond symbol) (modified from Stainforth, 2009 ).
